Background Childhood abuse leads to greater morbidity and mortality in adulthood. Dysregulated physiological stress responses may underlie the greater health risk among abused individuals.
Introduction
In large epidemiological studies, childhood abuse has been associated with greater odds of developing agerelated physical diseases in adulthood [1] . The biological embedding hypothesis suggests that childhood abuse may lead to sustained physiological changes that put the individuals at increased risk for poor health outcomes later in life [2] . The emergence of a proinflammatory immune phenotype might account for the greater prevalence of chronic diseases among abused individuals [3] .
Individuals with a history of childhood abuse display dysregulated neuroendocrine and immune responses in adulthood. They exhibited increased adrenocorticotropic hormone responses to acute stressors, blunted response to the dexamethasone-corticotropin-releasing hormone suppression test, decreased cortisol awakening responses, and impaired control over latent viruses [4, 5] . Furthermore, among individuals with a history of basal cell carcinoma, those with a history of childhood abuse had poorer cellular immune responses in the tumor in response to recent life events, compared with participants without an abuse history [6] .
Childhood abuse may amplify proinflammatory cytokine responses later in life. Adult individuals exposed to childhood abuse had elevated basal C-reactive protein (CRP) levels and greater interleukin (IL)-6 responses to a laboratory stressor, compared with their non-abused counterparts [7] [8] [9] [10] . Furthermore, the impact of family dementia caregiving stress on tumor necrosis factor (TNF)-α production was enhanced among older adults with a history of childhood abuse [11] . Moreover, childhood abuse promoted the development of glucocorticoid insensitivity and larger inflammatory responses over time among healthy adolescents [12] .
We have recently reported the presence of multiple daily stressors in the past 24 h was associated with elevated IL-6 and CRP levels among older adults [13] . The goal of this study was to examine whether a childhood abuse history would amplify inflammatory responses to naturalistically occurring daily stressors.
Methods

Participants
Participants were part of a larger study on stress and health [11, 13] . Caregivers were recruited from diagnostic clinics, local support groups, and ads in the Alzheimer Association Newsletters. Noncaregiving participants were recruited through ads in local newspapers, church groups, and senior citizens' organizations. The study sample comprised 53 family dementia caregivers and 77 noncaregiving controls. Caregivers were caring for a spouse or a parent with dementia for at least 5 h/week. Noncaregiving controls were excluded if they were involved in any caregiving activity in the past year. Participants aged 45-90 with a body mass index (BMI)≤ 40 were included in the study. Individuals with immune-related diseases (e.g., acute infection, diabetes, and recent cancer) or using immune-related medication were excluded (e.g., statins and antibiotics). The institutional review board approved this study, and each participant provided informed consent.
Protocol
In this cross-sectional study, study visits were scheduled between 8 to 10 a.m. to account for diurnal changes on circulating cytokines. After signing the consent form, the participants had blood drawn and body measurements taken for BMI calculation. They also filled out self-reported questionnaires and completed a semistructured interview.
Measures
Self-Reported Questionnaires
The Childhood Trauma Questionnaire is a 28-item selfreport inventory that assesses abuse and neglect during childhood [14] . It assessed emotional (e.g., "people in my family said hurtful or insulting things to me"), physical (e.g., "people in my family hit me so hard that it left me with bruises or marks"), and sexual (e.g., someone tried to touch me in a sexual way or tried to make me touch them") abuse when the person was growing up as a child and a teenager. The highsensitivity cut-off scores were used to identify individuals reporting any form of emotional, physical, or sexual abuse. The neglect subscales were not used in this study because they were confounded by the prevailing socioeconomic conditions that occurred during this older cohort's childhood. The inventory was acceptable to older adult participants.
The Center for Epidemiological Scale-Depression assessed depressive symptoms in the past 2 weeks [15] . The Beck Anxiety Inventory evaluated anxiety symptoms in the past 2 weeks [16] . The Pittsburgh Sleep Quality Index assessed sleep quality and sleep disturbances in the past month [17] . Smoking (i.e., number of cigarettes) and alcohol use (i.e., number of alcoholic beverages) in the past week were evaluated using a standard questionnaire. The Community Healthy Activities Model Program for Seniors Questionnaires provided an estimate of the weekly caloric expenditure in physical activity [18] . The Older Adult Resources and Services Functional Assessment evaluated chronic medical conditions and medication use [19] .
Semi-structured Interview Protocol
The Daily Inventory of Stressful Events assessed the occurrence of daily stressors in the past 24 h [20] . This instrument was chosen because of its flexibility and sensitivity in the assessment of idiosyncratic daily stressors such as the ones experienced by family dementia caregivers. Because our prior data showed that the occurrence of multiple daily stressors in the past 24 h was associated with elevated IL-6 and CRP levels, the Daily Inventory of Stressful Events data were coded as a dichotomous variable distinguishing the presence of zero or one stressors and the occurrence of multiple stressors in the past 24 h [13] .
IL-6, TNF-α, and CRP Assays
Serum IL-6 and TNF-α levels were determined using Quantikine High Sensitivity Immunoassay kits (R&D). Data for ten caregivers and ten controls were lost because of technical problems with the assay. The high sensitivity CRP assay was performed using chemiluminescence methodology with the Immulite 1000 (Siemens Medical Solutions, Los Angeles, Ca.), as described previously [13] .
Statistical Analyses
Base 10 logarithmic transformations were applied to variables with a skewed distribution. Chi-square and analysis of variance tests assessed group differences between individuals with and without a history of childhood abuse. Hierarchical linear regression models were fitted with caregiving status, daily stressors, and history of abuse as independent variables, and IL-6, TNF-α, and CRP as dependent variables. Interaction terms among daily stressors, caregiving status, and childhood abuse evaluated the moderating effect of early life adversity on inflammatory stress responses. The covariates included in the models were age, sex, gender, ethnicity, marital status, education, and BMI. Given the significant group difference, sleep disturbances was also included as a covariate in models evaluating the impact of childhood abuse. A two-sided 0.05 alpha level was used for the study.
Results
Occurrence of Childhood Abuse
Fifty-seven participants (43.8 %) reported at least one type of emotional, physical, or sexual abuse during childhood. Table 1 describes the sociodemographic and psychological characteristics of the study participants. Individuals with a history of childhood abuse were marginally younger than participants without an abuse history. The groups did not differ on any other sociodemographic characteristics.
History of Childhood Abuse, Affective Disturbances, Sleep Quality, and Daily Stressors Adjusting for caregiving status and sociodemographic characteristics, history of childhood abuse was not associated with depressive symptoms, β00.07 (SE00.07), p00.37, R 2 0 0.006, but was marginally associated with anxiety symptoms, β00.11 (SE00.07), p0.09, R 2 00.02. Furthermore, individuals with a history of abuse reported more sleep disturbances than their non-abused counterparts, β01.07 (SE00.47), p00.02, R 2 00.052. As reported previously, caregivers were more likely to report multiple stressors in the past 24 h, compared with noncaregiving control participants, χ 2 (1)07.32, p00.007. Individuals who reported a history of childhood abuse were more likely to report multiple daily stressors in the past 24 h compared with participants without such history of abuse, χ 2 (1)04.41, p 00.04. Further analysis revealed that the greater occurrence of daily stressors associated with childhood abuse history was observed among caregivers, χ 2 (1)05.44, p00.02 but not among noncaregiving controls, χ 2 (1) 00.48, p 00.49. The impact of caregiving status and childhood abuse on the occurrence of daily stressors is depicted in Fig. 1 .
History of Childhood Abuse and Inflammatory Responses to Daily Stressors
Adjusting for age, sex, ethnicity, education, BMI, marital status, sleep disturbances and caregiving status, a childhood abuse history, β00.09 (SE00.03), p00.01, R 2 00.055, and the occurrence of multiple stressors in the past 24 h, β00.08 (SE00.04), p00.03, R 2 00.04, were associated with greater circulating IL-6 levels, compared with the absence of an abuse history and the report of zero or one stressors in the past 24 h. There was a significant interaction between childhood abuse history and daily stressors, β00.17, (SE00.07), p00.02, R 2 00.039. As illustrated in Fig. 2 , childhood abuse was associated with larger IL-6 responses to the occurrence of multiple daily stressors. Using the raw, non-transformed data, abused individuals who experienced multiple daily stressors had IL-6 levels 2.35 times greater than those of their non-abused counterparts who also reported multiple stressors in the past 24 h. The three-way interaction among childhood abuse history, daily stressors, and caregiving status was not significantly related to IL-6, β0−0.19 (SE00.15), p00.21, R 2 00.012. Adjusting for age, sex, ethnicity, education, BMI, marital status, sleep disturbances, and caregiving status, childhood adversity was marginally related to circulating TNF-α, β00.06 (SE00.03), p00.07, R 2 00.031 but not daily stressors, β0−0.01 (SE00.03), p00.84, R 2 <0.001. The interaction between daily stressors and abuse history, β00.009 (SE00.07), p00.90, R 2 <0.001, and the interaction among caregiving status, daily stressors, and abuse history, β0−0.04 (SE00.14), p00.77, R 2 00.001, did not predict circulating TNF-α levels.
Adjusting for age, sex, ethnicity, education, BMI, marital status, and caregiving status, the occurrence of multiple stressors in the past 24 h was associated with greater circulating CRP levels, β00.17 (SE00.08), p00.03, R 2 00.027. However, childhood abuse history was not related to CRP, β00.07 (SE00.08), p00.39, R 2 00.005. The interaction between daily stressors and abuse history, β00.10 (SE00.16), p 00.52, R 2 00.003, and among caregiving status, daily stressors, and abuse history, β00.24 (SE00.33), p00.47, R 2 00.003 did not predict CRP levels.
Childhood Abuse, Health Behaviors, Medication Use, and IL-6 Response to Daily Stressors
After adjusting for health behaviors such as smoking, alcohol consumption, exercise, and self-reported physical diseases, the interaction between daily stressors and childhood abuse history remained a significant predictor of IL-6, β00.17 (SE00.07), p00.02, R 2 00.041. Similarly, when non-steroidal anti-inflammatory and antidepressant medication use were included in the model, the interaction of daily stressors and abuse history remained significantly associated with IL-6, β00.15 (SE00.07), p00.04, R 2 00.032.
Discussion
Consistent with theoretical models suggesting a biological embedding of early life stress [2, 3] , results revealed that childhood abuse history was associated with amplified IL-6 responses to naturalistically occurring daily stressors. The effect of early abuse was substantial; when abused individuals experienced multiple daily stressors, they had IL-6 levels 2.35 times higher than those of non-abused participants reporting multiple stressors. Greater IL-6 responses to daily stressors may fuel chronic low gradeinflammation, suggesting a psychobiological mechanism by which childhood abuse lead to enhanced disease risk over time [21, 22] .
Data showed that childhood abuse impacted daily stress exposure among caregivers but not among noncaregiving controls. These results are in line with longitudinal studies showing that childhood abuse is associated with greater exposure to chronic and episodic stressors [23] . In contrast, none of the three-way interactions among daily stress, caregiving status, and childhood abuse significantly predicted inflammatory markers production. However, it is important to acknowledge that this study was underpowered to detect such three-way interactions.
In accord with other studies, TNF-α did not increase in response to daily stressors [24] , and this response was not moderated by childhood abuse. In contrast to other studies [10] , childhood abuse was not related to CRP in the current sample. Individuals with a childhood abuse history, who are currently depressed exhibit higher circulating CRP levels than non-depressed, abused participants [4, 25] . The low proportion of clinically depressed individuals in our sample might have contributed to the lack of a significant relationship between childhood abuse and circulating CRP levels.
The current sample includes older adults with an average age of 65.28 years. Abused individuals were on average 4.73 years younger than the non-abused participants. The fact that we observed stress-related group differences despite the natural age-related increase in IL-6 suggests that the impact of childhood abuse on the IL-6 stress response might actually be underestimated in our sample [26] .
Given the cross-sectional and observational design of the study, we cannot rule out the possibility that a third unmeasured variable accounts for the relationship between childhood abuse and adulthood IL-6 stress responses. Furthermore, given that adulthood trauma may impact inflammatory markers, the lack of assessment of cumulative lifetime trauma exposure is a limitation of the study. Replication of these results in the context of longitudinal investigations is therefore warranted.
In conclusion, results from the present study confirm and extend laboratory findings indicating that childhood abuse history amplifies IL-6 responses to stressors. Early life stress may set the path for dysregulated inflammatory stress responses across the lifespan.
